INTRODUCTION
Foundry technology is one of the vital bases for rapid industrial development of any nation. Rapid industrial development is very essential to positively address the problem of economic recession in Nigeria. Sand cast is found suitable in casting of all metals of different sizes, ranging from very small to extremely large sizes [1, 2] . Sand is used in sand casting as a manufacturing process to produce a mould in which molten metal is poured to produce a cast. This is due to the fact that the sand particle size is packed finely and tightly together in such a way to provide excellent surface for the mould [3] . In manufacturing of engineering goods, tools, devices and equipment (such as engine blocks, machine tool bases, cylinder heads, pump housings, and valves), metal casting process is employed. In metal casting, sand casting is the most widely used [4] . Sand casting is found to be relatively cheap and adequate refractory for use in foundry applications [2] . Adequate utilization of sand as a resource will help towards enhancement of Nigeria's industrialization. Thus, rapid production of different locally needed devices, tools, utensils and equipment in Nigeria can be achieved through indigenous small and medium scale enterprises. Rapid growth in production was earlier reflected in the rising importance of manufacturing in the economies of virtually all countries [5] .
Industrialization greatly depends on production capacity from availability of locally available raw materials used in development of technology in the transformation of the raw materials to finished products [6] . Hughes also identified the bases for the development of an industrial sector to include access to raw materials, labour force, funds and technology [7] .
Raw Material Research and Development Council (RMRDC) in 1990 delved into geological survey of Nigeria resources and found sand to be the major mineral deposits in the country [8] . Sand covered an estimated proven reserve of billions of tones, out of which petroleum, gas and coal resources exploration had only received sufficient attention [9] . Studies have shown that majority of the available natural sands in Nigeria have not been receiving sufficient attention [10, 11, 12, 13, 14] .
Researchers had discovered through their various studies that most Nigerian Moulding sands, such as Azare foundry sand, Alkaleri, Barkin-ladi and Ilorin moulding sands were suitable for foundry applications [13, 15, 16] . Thus, it is essential to investigate the suitability of various Nigerian moulding sands for casting applications.
Shuaib-Babata and Olumodeji noted that the strength of foundry rests on the fundamental behaviour of sand, since casting quality depends on sand quality [13] . Sand often determines the quality of cast [17] . The choice of moulding sand for casting processes depends on its properties, such as strength, permeability, refractoriness, collapsibility [18] .
Foundry sands were abundantly available and scattered all over the towns and villages in Nigeria which had been in use for past decades for casting of aluminum cooking utensils, decorative ornament and others without any evidence or trace of determining the mechanical properties or carrying-out any effect of sand on the product cast [13] . Hence, it is very essential to investigate the suitability of natural moulding sands in Ado-Ekiti (Nigeria) for Aluminum casting for its effective and appropriate usage in enhancing production of equipment, devices and home utensils, and at long run assist in solving the problem of unemployment in Nigeria.
Aluminum, the most abundant metal in the earth's crust is widely used as results of its excellent qualities [19, 20] . Aluminum is known with high strength-toweight ratio, high thermal and electrical conductivity, high toughness with good strength at low temperature, high resistant to corrosion, non-toxic, excellent reflector of radiant energy, ease to form and fabricate, low weight, bright colour, and readily recycled [19, 20, 21] . It is also the lightest metal other than magnesium, with a density of about one-third of that of steel. These qualities made the material to be considered most suited for wide usages in transportation vehicles (such as aircraft, rocket, trucks, ships, automobiles), suitable structures (like ladders, scaffolding, gangways), heating and cooling applications (automobile radiator, refrigerator evaporator coils, heat exchangers, engine components), piping and vessels, cooking utensils, food processing and packaging of food and beverages, heat and lamp reflectors and for cryogenic vessels.
Scraps of Aluminum alloys (such as automobile engine piston scraps, cooking utensils, in dry-battery cell, among others) are commonly seen as waste products in major towns and villages in Nigeria. This material can be recycled to be used as raw material for aluminum casting in producing different items.
Application of sand casting processes in Aluminum casting can improve the economic activities of the country through industrialization, most especially during the present economic recession which requires shifting attention from over dependency on oil and gas as main economic source.
There is no doubt that the efficient and economic production of quality sand castings in the modern foundry requires a thorough knowledge of foundry sand technology [22] . This can be appropriately achieved through effective testing and analysis of sand mould in casting of device or any product; and analysis of the cast product properties. This study therefore is to determine the suitability of Ado Ekiti moulding sands for Aluminum casting and investigate the cast desirable properties and effectiveness in meeting appropriate casting materials' standards. Information from this study will at long run will enhance industrialization, job creation and the nation self-reliance through reduction in importation of foundry sand and Aluminum products into the country.
MATERIALS AND METHODS

Materials
The sand samples for this study were collected from Oke Ureje river banks (Sample A), Omisanjana river bank (Sample B) and Odo Ayo river bank (Sample C) within Ado-Ekiti metropolis. Ado-Ekiti is located in Ekiti state of Nigeria; situated in between longitude 5 0 11ꞌ and 5 0 25ꞌ and latitude 7 0 11ꞌ and 7 0 37ꞌ. Aluminum alloy scraps (Automobile engine piston) were obtained within Ado-Ekiti, Ekiti State, Nigeria and analysed at National Geosciences Research Laboratory, Kaduna, Nigeria.
Methods
Preparation of natural moulding sand
The sand samples collected from the above named locations were washed, sun-dried, filtered in order to separate the debris that was collected with them and kept in desiccators for further laboratory/experimental analysis, in accordance with American Foundry Society (AFS) standards. The details of the procedures had earlier been discussed [2].
Production of sand specimens for laboratory
analyses Sands obtained from the four selected sites were dried naturally to remove the free water and the specimens were prepared from each samples of the sand from these locations. A quantity of the sand was sieved through 2 mm British Standard (BS) sieve to obtain grain size required for the experiment. The sand grains pebbles were broken into pieces using foundry flat edge rammer, the powdered-moulding sand were thoroughly mixed with clean water for about 10 minutes to have homogeneous sand water mixture and sieved with 2mm British standard sieve. The samples were then moulded in a specimen tube to produce standard test specimen of diameter 50mm by average height of 85 mm using standard sand rammer that delivered a compaction blow of 6.4 kg thrice from a height of 50 mm. The specimens were classified for various foundry tests. In accordance with the American Foundry-Men Society standards, AFS guidelines [23] , the sands' foundry properties were obtained and recorded.
Determination of chemical and Physicomechanical properties of the natural moulding sands
The chemical constituents of the samples of the sand samples were determined using x-ray fluorescence (XRF) spectrometer and atomic absorption spectrophotometer (AAS). The Physic-mechanical properties of the moulding sands (such as moisture content, clay content, flowability, bulk density, permeability, shatter index, Compression strength, Green compression strength of natural moulding sand, dry compression strength, hot compression strength, refractoriness value of moulding sand) were also determined in line with AFS recommendations [23] and the details of the procedures were adequately discussed Shuaib-Babata and Abegunde [2].
Melting and Casting Processes
Pattern of the shape of object to be produced was made with core box. The sands prepared for analysis were made into moulds and filled into a wooden rectangular box prepared (molding). The pattern was pressed into the fine sand mixture to form the mold into which aluminum was to be poured. The pattern was made to be larger than the part to be made to give room for aluminum shrinkage during solidification and cooling. Cores were inserted into the casting box and properly set, after the pattern was removed. Gating/feeding system was then created to direct the metal into the mold cavity created by the pattern.
Melting of the aluminum alloy scraps was done using a fuel-fired crucible furnace for more than one hour at temperature of 700 o C and held at the temperature for 30 minutes to attain homogeneous composition. The melt was stirred and the mould was filled by pouring the melted aluminum from transfer ladles. It was allowed to cool thoroughly. The sand mold was then broken and casting was removed. The cast was then cleaned by removing the gates and risers, adhering sand, scale, parting fins and other foreign materials. Grinding of the object was carried out and subsequently inspection and testing to detect defects in the casting to attain better surface finishing and dimensional precision of the cast. The processes involved in the sand casting (production) of the aluminum cast (melting, casting and fettling processes) are as shown in Plates 1 -3. 
DETERMINATION OF TENSILE STRENGTH AND HARDNESS OF THE CAST ALUMINUM SAMPLES
The tensile specimens were prepared to required ASTM E-8 standard [24, 25] The hardness test was also done using each of the four samples of cast aluminum on the Tensometeric Materials Testing Machine. The surfaces of the machined specimens were ground to remove the skin or scale present on them. A hardened steel ball is pressed for a time of 10 to 15 seconds into the surface of the material with the Testometric machine but using another gripping device. After the load and ball have been removed, the diameter of the indentation was measured. The Brinell hardness number, signified by HB, was obtained and read on the computer screen attached to the machine
Determination of impact strength value of cast aluminum
The Charpy impact test, also known as the Charpy V-notch test is the form used in this analysis. Test pieces which were machined to 60 mm long and 10 square millimeters notched on the notching machine; principally to assure fracture by a stress concentration introduced at the notch area (Plates 6). The notched specimen was fed into impact machine. The notched in the sample was of regular dimensions and geometry. The standard machine has the pendulum hitting the test piece with energy of 300 ±10J. The test piece was supported at each end with the notched side face directly opposite to where the pendulum strikes the test piece in line with the view of Bolton [23] . The specimens were fixed one after another to receive the fast moving hammer blow when released from a fixed height on the machine. Upon released, the pendulum hammer struck and fractured the specimen at the notched region.
MICROSCOPIC STRUCTURE OF CAST ALUMINUM
The micro examination of the cast pieces was carried out in accordance with the practice of Dibiezue using 2% of trioxonitrate (v) acid as an etchant and viewed from metallurgical microscope of magnification X50.
RESULTS AND DISCUSSION
The results of chemical composition analysis for the selected moulding sands in Ado-Ekiti are as presented in Table 1 . This result is significant since at the foundry, the chemical composition of the foundry sand relates directly to the metal moulded [26] . Table 1 revealed that the sample sands are of high proportion of silica, with 75.22 % -79.23 % silicon oxides, which are within the American Foundry Society, AFS standard. According to AFS, most metal casting sand (foundry sand) is high quality silica with physical characteristics [27] .
The results of the physico-mechanical properties of the selected natural moulding sands in Ado-Ekiti are presented in Table 2 Table 2 . Some properties of the natural moulding sand samples
The result of AFS GFN analysis for the various specimens is presented in Table 2 , which is a useful parameter with the average grain size of the sand with which its choice should be based on particle size distribution [28] . The values of the sand samples AFS-GFN are within the standard ranges values of 35 to 90 fineness number for non-ferrous metal [29] . Sand with AFN 50 -60 with average grain size of 220 -250 microns and fines content (below 20 microns) 2% maximum yields good surface finish at low binder levels; allows low binder level to be used; and allows low binder levels [30] .
The samples' clay contents range between 10 and 13%, an indication that the natural molding sand is expected to contain sufficient amount of binder material [31] . The specified clay content for moulding sand is between 10 -12% [32] ; while American Foundrymen's Association satisfactory proved values for aluminum, brass and bronze, iron and steel castings is between 12 and 18% clay contents [32] .
Moisture content is the amount of water present in the moulding sand. In Table 2 , the percentages of the moisture contents of the specimens are between 5.75 and 7.36 %, which are within the satisfactory AFS moulding sand moisture content for various types of castings [29] .
The specimens' flowability values are between 67.25 and 68.50%. It varies in sand with moisture and clay contents [31] . The AFS satisfactory mould sand percentage flowability for casting aluminum is 65 [33, 34, 35, 36] . The high flowability value in the sands is as a result of rounded grains nature of the sand, which enhances the ease compaction of the sand [37] . Flowability increases with decrease in grain size of sand [31] .
The permeability test results recorded for the tested natural moulding sands range between 86.2 and 87.5. The experimental results of the green permeability for the specimens in Table 2 indicate that the sand samples had good natural green permeability for casting a good number of ferrous and non-ferrous metals [32] . The recommended green permeability for green sand is within 80 -110 [28] . This implies that the study sands green permeability values are within the stated standard ranges. The high permeability is due the amount of well spread grain distribution and rounded-grains of the sand. The permeability depends on grain size, grain shape, grain distribution, binder and its content, degree of ramming and water content of the moulding sand the [3, 31, 38] .
Ureje sand with the highest moisture of 7.36% has the lowest % permeability (86.2); Omisanjana sand sample with 5.75 % MC also possess the highest % permeability of 87.5. while Odo Ayo sand sample has 6.79 % MC and 86.3 % permeability. The trend of these results is in line with the principle that high moisture content (MC) decreases permeability [39] .
The green and dried shatter index of the specimens ranges between 0.03-0.50 and 0.05-0.22 respectively as shown in Table 2 . The shatter index values also indicate that the sand samples are tough enough to aid satisfactory lift during pattern withdrawal. The content of clay and corresponding moisture content are attributed to this high value [16] .
The sands' bulk density values are 12.04, 12.25 and 12.23 g/cm 3 for sample A, B and C respectively. These values are within the recommended AFS specification [16] . Ihom et al. also gave recommended bulk density for green moulding sand as 1.49 g/cm 3 and above [28] . Moisture (MC) in moulding sand has influence on the sand permeability. High moisture content decreases permeability [39] . Moisture content affects the other properties of the mixture such as strength [40] . It was made known that too much moisture can cause steam bubbles to be entrapped in the metal casting. Though, there was opinion that low moisture content in the moulding sand does not develop strength properties [39] .
Compression strength of natural moulding sand is the ability of the sand casting mixture to hold its geometric shape under the conditions of mechanical stress imposed during the sand casting process is the sand's strength [40] . Dry compression strength is the strength of the moulding sand in dry condition. The natural sand's dry compression strength increases as the moisture content of the sand increases [28] . The OkeUreje, Omisanjana and Odo Ayo sand samples exhibited dry compression strength values of 203, 101. 8 and 191 .0 kN/m 2 respectively. The results in Table 2 show that the higher the MC, the higher the dry compression strength. This is in line with the Ihom et al [28] 's assumption that dry compression strength increases with the MC of sand. The sand's strength depends on the clay and water content, type of clay, the clay size distribution, among other factors [28] .
Green compression strength is the strength of the sand in the green or moist condition. A mould having adequate green strength will retain its shape; it will not distort or collapse even after the pattern has been removed from the moulding box. It helps in making and handling the moulds unless the mould is hardened in contact with pattern surface, it will not be possible to achieve dimensional stability and high accuracy of the required size. Oke-Ureje, Omisanjana and Odo Ayo sand samples exhibited green compression strength values of 120.9, 63.5 and 70.9 kN/m 2 respectively. The recommended green sand's strength ranges between 70 -100 kN/m 2 [28] . The sand samples possess adequate green strength that will retain its shape and will not distort or collapse even after the pattern has been removed from the moulding box, but Omisanjana moulding sand's strength may needs to be enhanced.
Chemical composition of aluminum scrap
The chemical composition of the aluminum alloy obtained from scraps is presented in Table 3 .
Element
Al 
Mechanical Tests Results
Sands used in casting of metals are proved to have effects on the cast alloy's properties due to the conditions the cast subjected to. Since the strength of these casts rest on the fundamental behavior of the foundry sand that was basically used in making the moulds and cores [13] .
Aluminum alloys that were cast by these various sands were made into laboratory specification and subjected them to various mechanical tests. Table 4 shows some tensile properties of the Aluminum alloy cast samples, while the hardness test results are graphically presented in Figure 1 . The properties such as yield strength, ultimate tensile strength, plastic deformation limit and toughness are important, most especially for design engineers to determine the quantity of force the material can withstand with reference to the cross-section used without deforming permanently. Table 4 . Some mechanical properties of cast Aluminum samples As presented in Table 4 , the aluminum cast samples from Oke Ureje (moulding sand A), Omisanjana (moulding sand B) and Odo Ayo (moulding sand C) respectively are with tensile strength average values of 1.9, 1.7 and 2.2 N/mm 2 ; while with the Ultimate tensile strength values are 1.8, 1.7 and 2.2 N/mm 2 and average ductility (elongation) values of 66, 74 and 61 mm for sample A, B and C respectively. The aluminum cast samples A, B and C respectively also exhibited average toughness (the amount of the energy absorbed before failure) of 6.4, 6.6 and 10.0 J.
The average Brinell hardness number (BHN) of the cast aluminum samples from various tested moulding sands as presented in Figure 1 are 116.9, 101.9 and 114.1 BHN for cast from Oke Ureje (moulding sand A), Omisanjana (moulding sand B) and Odo Ayo (moulding sand C) respectively. These values fall within AFS standard value ranges of 100-120 kN/mm 2 [17] .
Microscopic Structure of Cast Aluminum
The metallographic results showing microstructure of aluminum alloy casts are presented in Plates 7. The microstructures generally consist of fine crystals of aluminum (Al), magnesium silicide (Mg 2 Si) and Al Mg 2 Si phases. Interestingly, the microstructure of un-treated Al-7Si alloy from a literature [41] that consists of large primary α-Al grains is favorably compared with the microstructures of the cast aluminum samples.
CONCLUSION
From this study the following conclusions are drawn: i. The chemical and physico-mechanical properties of the studied natural moulding sands were compared with AFS mould sand properties for casting of low meting temperature metals ii. The sands had the potential for use in sandcasting process for non-ferrous metals. iii. The properties of the aluminum casts from the sand samples were favourably compared with standard ranges for aluminum alloy cast from sand moulding process. This study therefore revealed that all the sand samples at green state were suitable for casting of aluminum alloy. iv. Ekiti State in Nigeria has potentials of foundry sands and has to take the advantage with suitable conversion technologies.
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